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HAMDSET PROXIMITY MUTBMG 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

5 This invention relates generally to cordless telephones. 

More particularly, it relates to cordless telephones having improved audio 
feedback control, especially when the cordless telephone is operating in a 
speakerphone mode. 

10 2. Background of Related Art 

Many cordless telephones come with a speakerphone built 
into the base. The user typically has the ability to carry on a conversation 
using the handset alone, or using the base unit alone as a speakerphone. 
Many cordless telephones permit both the handset and the base unit to 
15 be operated simultaneously, allowing one person to participate in a 
telephone call using the handset while another person participates using 
the base unit. 

The physical environment of the cordless telephone may 
cause direct or indirect audible echoes in the audio signals between, the 
?■ 20 handset and the base unit. For instance, a primary source of acoustical 
feedback is caused from sounds output by the speaker of the base unit 
operating in a speakerphone mode being picked back up by a microphone 
in the handset. This most frequently occurs when the output sound 
bounces off the ceiling, walls and other structures in the room. A 
25 secondary source of acoustic feedback results from sounds output from 
the handset and picked up by the base unit. 

As many users of such a cordless telephone know, 
acoustical feedback typically causes uncomfortable feedback such as 
squealing in the signal output from the speaker. Thus, care must be taken 
30 when using both the handset and the base unit simultaneously to maintain 
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a safe distance between the simultaneously operating handset and base 

unit to avoid acoustic feedback. 

However, even with the risk of acoustic feedback causing a 

howl, there may be times when it is desired to have both the handset and 
5 the base unit operating in close proximity. For instance, if the user of the 

handset is moving about a room, and passes by the base unit 

simultaneously operating as a speakerphone. 

Fig. 7 shows a conventional base unit 700 and handset 702 

of a cordless telephone during an acoustical feedback scenario. 
10 In particular, as shown in Fig. 7, both the handset 702 and 

the base unit 700 are operating simultaneously in close proximity to one 
O another. This causes primary acoustical feedback from sound output by 

m the speaker 760 of the base unit being picked up by the microphone 752 

Jj of the handset 702, and even in some cases secondary feedback from 

In 15 sound output by the speaker 750 of the handset being picked up by the 
42 microphone 762 of the base unit 700. These are relatively low loss 

jL feedback paths which may become unstable, cause howling from the 

speaker of the base unit and/or from the speaker of the remote handset, 
yg Some cordless telephones include acoustic echo cancellers 

» 20 (AECs). Conventional acoustical echo cancellers suppress audio picked 

up by a microphone which was output by a speaker on the same 

telephone. These conventional AECs are typically adaptive, speech 

trained and monitored and adjusted as necessary for optimal 

performance. 

25 AECs typically perform well with acoustic reflections off a 

wall or ceiling, but operate less effectively and even not at all when trying 
to overcome the acoustic feedback problems associated with the howl 
caused when an operating handset comes within close proximity of its 
base unit while in speakerphone mode. 
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The same problems are associated with a handset of a 
cordless telephone which is capable of operating in a speakerphone 
mode. 

There is a need for apparatus and methods for reducing or 
5 eliminating the risk or danger of acoustical feedback in cordless 
telephones. 

SUMMARY OF THE INVENTION 

In accordance with the principles of the present invention, an 
10 audio path attenuation controller for a cordless telephone comprises a 
proximity determinator to determine a distance between a handset of the 
P cordless telephone and a base unit of the cordless telephone, and to 

?y effectuate a given attenuation of an audio path based on the determined 

y3 distance. 

ass. 

cp 15 A method of attenuating an audio path of a cordless 

% telephone in accordance with another aspect of the present invention 

* comprises determining a proximity of a handset of the cordless telephone 

CP to a base unit of the cordless telephone, and attenuating at least one 

.ji audio path between the handset and the base unit when the handset is 

w 20 within a predetermined close distance to the base unit. The attenuation 

prevents instability in audible feedback between the handset and the base 

unit. 



BRIEF DESCRIPTION OF THE DRAWINGS 
25 Features and advantages of the present invention will 

become apparent to those skilled in the art from the following description 
with reference to the drawings, in which: 

Fig. 1 shows a cordless telephone including a proximity 
detection module in a base unit, and gain/volume controllers in both the 
30 base unit and the handset, for muting or attenuating a microphone and/or 
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speaker path when a simultaneously handset and base unit come within 
close proximity of one another, in accordance with the principles of the 
present invention. 

Fig. 2 shows a cordless telephone including a proximity 
detection module in a handset, and gain/volume controllers in both the 
base unit and the handset, for muting or attenuating a microphone and/or 
speaker path when a simultaneously handset and base unit come within 
close proximity of one another, in accordance with the principles of the . 
present invention. 

Fig. 3 shows an exemplary process for muting or attenuating 
a microphone path in a handset and/or in a base unit of a cordless 
telephone when the handset and the base unit are simultaneously 
operating within close proximity of one another, in accordance with the 
principles of the present invention. 

Fig. 4 shows in detail a first embodiment of the proximity 
detection module shown in Figs. 1 and 2 implementing a receive signal 
strength indicator (RSSI) module as a basis for determining a proximity of 
a simultaneously operating handset and base unit of a cordless 
telephone, in accordance with the principles of the present invention. 

Fig. 5 shows in detail a second embodiment of the proximity 
detection module shown in Figs. 1 and 2 implementing a round trip delay 
measurement module as a basis for determining the proximity of a 
simultaneously operating handset and base unit of a cordless telephone, 
in accordance with the principles of the present invention. 

Fig. 6 shows in detail a third embodiment of the proximity 
detection module shown in Figs. 1 and 2 implementing a global 
positioning satellite (GPS) system as a basis for determining the proximity 
of a simultaneously operating handset and base unit of a cordless 
telephone, in accordance with the principles of the present invention. 



Fig. 7 shows a conventional base unit and handset of a 
cordless telephone during an acoustical feedback scenario. 



DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 
5 The present invention relates to apparatus and methods for 

automatically (i.e., without requiring manual user adjustment) reducing 
gain in one or both acoustic feedback paths of a cordless telephone when 
the handset and its base unit are operating in close proximity to one 
another. 

10 Operation of the base unit generally refers to operation of 

the base unit in a speakerphone or intercom mode. In either of these 

p modes, when the handset is also in operation, an audio link is established 

iff 

by the cordless telephone between the user of the remote handset and 
the user of the base unit. As discussed, this audio link can be the source 
1 15 of very uncomfortable audible howling if the user of the remote handset 
moves too close to the base unit while the base unit is also in operation. 

In accordance with the principles of the present invention, if 
CP both the remote handset and the base unit of a particular cordless 

j telephone are simultaneously in operation, then the proximity of the 

y 20 remote handset to the base unit is determined. If the remote handset is 
determined to be within close proximity of the base unit (e.g., less than 10 
feet, less than 5 feet, or other appropriate threshold proximity distance), 
then the gain of the audio path in either direction between the remote 
handset and its base unit is attenuated. 
25 The attenuation may be a muting, a fixed amount of 

attenuation (e.g., 6 decibels (dB), 12 dB, or other appropriate fixed 
amount), or may be a variable amount of attenuation dependent upon a 
relationship to the distance between the remote handset and the base 
unit. 



~V 3 



5 



• # 



For instance, if a variable relationship is implemented, a 
non-linear amount of attenuation with respect to the distance (e.g., one- 
over the square-root of the distance) may be preferred. This would 
ensure that the cordless telephone can remain functional even with the 
5 remote handset within close proximity of its base unit up to a certain point, 
with very close distances essentially causing a muting of one or both 
audio paths. Using a variable relationship, the closer the handset is to the 
base unit, the more attenuation would be added, preferably in stepwise 
increments (e.g., in steps of 3 dB). 
10 Fig. 1 shows a cordless telephone including a proximity 

detection module 100 in a base unit 190, and gain/volume controllers 112, 
p 162 in both the base unit 190 and the handset 102, respectively, for 

muting or attenuating an audio path (e.g., the gain a microphone and/or 
ya the volume of a speaker) when a simultaneously operating handset 102 

jS 15 and base unit 190 come within close proximity of one another, in 
j| accordance with the principles of the present invention. 

B ^ In particular, as shown in Fig. 1, a cordless telephone 

u. 

In includes a remote handset 102 and a matching base unit 190. The 

: s 

remote handset 102 includes a speaker including an electronically 

u 20 controlled speaker volume 160, and a microphone including an 

f j 

electronically controlled microphone gain module 164. The speaker 
volume 160 and microphone gain 164 are set by an appropriate control 
element such as a gain/volume controller 162. The gain/volume controller 
162 may be any suitable processing element for the particular application, 
25 e.g., a microprocessor, a microcontroller, a digital signal processor (DSP) 
or ASIC. 

Similarly, the base unit 190 includes a speaker including an 
electronically controlled speaker volume 110, and a microphone including 
an electronically controlled microphone gain module 114. The speaker 



6 



volume 110 and microphone gain 114 are set by an appropriate control 
element such as a gain/volume controller 112. 

In accordance with the principles of the present invention, 
the cordless telephone includes a proximity detection module 100 either in 
5 the base unit 190 (as shown in Fig. 1), or in the remote handset 102 (as 
shown in Fig. 2). The proximity detection module 100 determines (1) if 
the handset 102 and its base unit 190 are simultaneously operating, (2) 
an approximate distance between the remote handset 102 and its base 
unit 190, and (3) an amount of attenuation to be applied to a particular 
10 audio path. 

The proximity detection module 100 may be a software 
program running on an appropriate processor (e.g., microprocessor, 
microcontroller, or digital signal processor (DSP)), or an appropriate ASIC 
device. 

15 Fig. 3 shows an exemplary process for muting or attenuating 

a microphone path in a handset 102 and/or in a base unit 190 of a 
cordless telephone when the handset 102 and the base unit 190 are 
simultaneously operating within close proximity of one another, in 
accordance with the principles of the present invention. 

20 In particular, as shown in step 202 of Fig. 3, the proximity 

detection module 100 determines whether or not the base unit 190 and 
the remote handset 102 are operating simultaneously (i.e., either in 
handset, speakerphone, or intercom mode). 

If not, in step 204, the proximity detection module 100 

25 leaves the microphone audio path (and/or speaker volume) unattenuated 
beyond that otherwise set by the user (e.g., using a manual volume 
control). 

If the remote handset 102 and base unit 190 are both 
operating, the proximity detection module 100 determines a proximity (i.e., 
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distance) of the remote handset 102 to the base unit 190, as shown in 
step 206. 

In step 208, the proximity detection module 100 determines 
if the proximity determined in step 206 is less than or equal to a particular 
5 proximity threshold distance. 

The particular proximity threshold distance used may vary 
among various makes and models of cordless telephones, and is 
preferably established based on the particular application. The proximity 
threshold distance may be arbitrarily set (e.g., 5 feet, 10 feet), or 
10 determined empirically by the manufacturer. The proximity threshold 
distance is preferably stored in appropriate memory accessible by the 
proximity detection module 100, in accordance with the principles of the 
present invention. 

If the handset 102 is not within the prescribed proximity 
15 threshold distance of the base unit 190, the controlled audio path(s) (e.g., 
the microphone gain) are left unattenuated, as shown in step 210. 

However, as shown in step 212, if the handset 102 is within 
the prescribed proximity threshold distance of the base unit 190, an 
appropriate audio path (e.g., the microphone gain 114 or the speaker 
20 volume 110) will be appropriately attenuated (for instance, by a fixed 
amount of 6 dB or 12 dB). 

Thus, in accordance with the principles of the present 
invention, when the remote handset 102 is determined to be in close 
proximity to its matching base unit 190, attenuation may be added to 
25 either the base speaker or the base microphone using the electronically 
controlled base speaker volume 110, or to the handset microphone using 
the electronically controlled handset microphone gain 164. 

The proximity detection module 100, whether located in the 
base unit 190 as shown in Fig. 1, or in the remote handset 102 as shown 
30 in Fig. 2, preferably communicates information over the radio frequency 
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(RF) link between the base unit 190 and the remote handset 102 
regarding the particular amount of attenuation to add to the audio path 
from the opposite device. 

For instance, as shown in Fig. 1, the proximity detection 
5 module 100 in the base unit 190 may add attenuation to the microphone 
gain of the remote handset 102 by passing appropriate information over 
the RF link to the gain/volume controller 162 of the remote handset 102. 
Similarly, if the proximity detection module 100 is located in the remote 
handset 102 as shown in Fig. 2, the remote handset 102 may add 

10 attenuation to the speaker volume of the base unit 190 by passing 
appropriate information over the RF link to the gain/volume controller 112 
of the base unit 190. 

While Figs. 1 and 2 respectively show the proximity 
detection module 100 in either the base unit 190 or in the remote handset 

15 102, the functions of the proximity detection module 100 may be spread 
between the two devices 102, 190. For instance, the proximity between 
the remote handset 102 and its base unit 190 may be individually 
determined by both the base unit 190 and the remote handset 102. 
Similarly, given the determination that the operating remote handset 102 

20 is within close proximity of the operating base unit 190, the attenuation of 
microphone gains 164, 114 and/or speaker volumes 160, 110 may be 
separately determined and controlled by the respective device 102, 190. 

In accordance with the principles of the present invention, 
once the remote handset 102 separates beyond the threshold proximity 

25 distance from the base unit 190, whatever attenuation that was added is 
then removed. 

A preferred technique is to attenuate the primary acoustic 
feedback path 172 as shown in Fig. 1. In particular, the primary acoustic 
feedback path 172 can be attenuated by attenuating at the remote 
30 handset 102 microphone data picked up at the handset 102, before 
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sending the microphone data over the RF link to the base unit 190, to be 
passed through the speaker volume 110, and ultimately to the speaker of 
the base unit 190. Moreover, to isolate the other party on the telephone 
line from the attenuation, the microphone data transmitted on the 
5 telephone line from the base unit 190 can be transmitted without the 
attenuation added at the remote handset 102. Thus, an appropriate 
amplification of the microphone data received by the base unit 190 before 
transmission on the telephone line may be implemented. 

Reducing the gain of the microphone in the remote handset 
10 102 does not significantly reduce the usability of the cordless telephone, 
particularly since at the point where the handset 102 and the base unit 
p 190 would otherwise howl, the user of the handset 102 may be close 

Jtj enough to the base unit 190 that his or her voice would be picked up by 

the microphone of the base unit 190 operating in a speakerphone or 

Q 

m 1 5 intercom mode, and certainly by the user of the base unit 1 90. 

fins 

]S The secondary acoustic feedback path 174 from the speaker 

^ of the remote handset 102 and the microphone of the base unit 190 may 

flo be handled in a similar manner. However, attenuation of the secondary 

% acoustic feedback path 174 is generally of less importance than that of 

2 20 the primary acoustic feedback path 172. Thus, not as much attenuation 
would not likely be necessary in the secondary acoustic feedback path 
174, but attenuation nevertheless can be added to the microphone of the 
base unit 190 after the microphone data is received from by the remote 
handset 102. A normal or otherwise user controlled level of microphone 
25 data may be transmitted over the telephone line. 

Fig. 4 shows in detail a first embodiment of an exemplary 
proximity detection module shown in Figs. 1 and 2 implementing a receive 
signal strength indicator (RSSI) module as a basis for determining a 
proximity of a simultaneously operating handset and base unit of a 
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cordless telephone, in accordance with the principles of the present 
invention. 

In particular, the proximity of the cordless handset 102 to the 
base unit 190 can be measured in a number of ways. One exemplary 
5 technique for measuring the distance between the remote handset 102 
and the base unit 190 is to use a Received Signal Strength Indicator 
(RSSI). The higher the RSSI, the closer the handset 102 is presumed to 
be to the base unit 190. 

As shown in Fig. 4, the exemplary proximity detection 
10 module 100 includes a proximity determinator 310, and an RSSI module 
320. 

The RSSI module 320 determines an amount of RSSI as is 
known in the art. 

The proximity determinator 310 receives the RSSI from the 
15 RSSI module 320, and compares the RSSI level with an RSSI to distance 
table 311 or other appropriate information source. 

More than one table, and/or a table adjustment factor, may 
be used to accommodate a current power level of the cordless telephone. 
For instance, a number of tables can be established each relating to a 
20 particular power level utilized by the handset of the cordless telephone. 

The proximity determinator 310 associates the current RSSI 
level with an entry in the RSSI to distance table 311 associating a 
distance between the remote handset 102 and the base unit 190, and 
returns the distance between the remote handset 102 and the base unit 
25 190. 

Given the distance, the proximity determinator 310 
determines a desired amount of attenuation to be applied in the audio 
paths at either the remote handset or at the base unit. The desired 
amount of attenuation may be fixed and retrieved from an appropriate 
30 memory, or variable based on the value of the distance. 
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A variable amount of attenuation may be determined by the 
proximity determinator 310, e.g., from a distance to attenuation table 313. 
The distance to attenuation table 313 may associate a distance between 
the remote handset 102 and the base unit 190 with a particular amount of 
attenuation for the microphone gain 114 and/or speaker volume 110 of 
the base unit 190, and/or with a particular amount of attenuation for the 
microphone gain 164 and/or speaker volume 160 in the remote handset 
102. 

Once the proximity determinator 310 determines the amount 
of attenuation (if any) desired for the respective audio paths, the 
attenuation levels are passed electronically and automatically by the 
proximity determinator 310 directly to the relevant gain/volume controller 
112 for the microphone and speaker within the relevant device, and/or via 
the RF front end to the opposite device. 

Fig. 5 shows in detail a second embodiment of an exemplary 
proximity detection module 100 shown in Figs. 1 and 2 implementing a 
round trip delay measurement module 420 as a basis for determining the 
proximity of a simultaneously operating handset 102 and base unit 190 of 
a cordless telephone, in accordance with the principles of the present 
invention. 

In particular, as shown in Fig. 5, the RSSI module 320 show 
in Fig. 4 is replaced with a round trip delay measurement module 420, and 
the RSSI to distance table 311 shown in Fig. 4 is replaced with a round 
trip delay to distance table 411. Otherwise, the operation and functions of 
the embodiment shown in Fig. 5 are substantially the same as those 
shown and described with respect to Fig. 4. 

The round trip delay to distance table 411 associates a 
round trip delay time of a particular message passed both ways between 
the base unit 190 and the remote handset 102. Entries in the round trip 
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delay to distance table 411 can be determined empirically from use of the 
particular make and model cordless telephone. 

The round trip delay measurement module 420 generates a 
command for transmission via the RF front end 139 to the other device of 
5 the cordless telephone. A time stamp is associated with the generation 
and transmission of the timing message. A time of a response is 
measured. The response may be any appropriate signal, e.g., an 
acknowledgement signal. The difference between the time at which the 
response signal was received and the time stamp of the originally 

10 transmitted command is a round trip delay. 

As this delay increases, the distance between the remote 
handset 102 and the base unit 190 is presumed to increase. Similarly, as 
this delay decreases, the proximity of the remote handset 102 to the base 
unit 190 is presumed to decrease. The threshold proximity distance or a 

15 plurality of variable distances) can be associated with a particular round 
trip delay, in accordance with the principles of the present invention. 

The particular message which is passed between the remote 
handset 102 and the base unit 190 is not important, so long as the 
message is returned without variations in delays caused other than from 

20 the distance between the remote handset 102 and the base unit 190. 
Moreover, the message may be a message which is transmitted in the 
ordinary operation of the cordless telephone, e.g., a polling message 
between the remote handset 102 and the base unit 190. 

Fig. 6 shows in detail a third embodiment of yet another 

25 exemplary proximity detection module shown in Figs. 1 and 2 
implementing a global positioning satellite (GPS) system as a basis for 
determining the proximity of a simultaneously operating handset and base 
unit of a cordless telephone, in accordance with the principles of the 
present invention. 
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In particular, as shown in Fig. 6, a precise distance between 
the base unit 190 and the remote handset 102 may be measured using a 
global positioning satellite (GPS) system 520 in the remote handset 102, 
although this technique may be more limited than the embodiments 
5 shown in Figs. 4 and 5 because of the relatively coarse resolution of a 
typical GPS system. However, the resolution can be improved using 
techniques such as differential GPS, which is accurate, e.g., down to 
centimeters. 

The latitude and longitude (and altitude) of the base unit 190 
10 can be measured while the handset 102 is in a non-operational or 
otherwise on-hook condition, and stored in an appropriate memory 
^ accessible by the proximity determinator 310, e.g., in a base unit GPS 

M3 position memory or register 517. When the handset 102 is hung up, the 

yg position of the remote handset 102 is presumed to be the position of the 

t~ 15 typically non-mobile base unit 190. 

DO During operation of both the remote handset 102 and the 

s ' base unit 190, the GPS position of the remote handset is periodically 

^ measured using the GPS system 520 located in the remote handset 102. 

The current GPS position of the remote handset 102 is compared to the 
20 base unit GPS position by the proximity determinator 310 to determine a 
distance, which is compared to a distance to attenuation table 313. 
Based on the GPS measured distance, appropriate attenuation is effected 
by the proximity determinator 310. 

GPS has the advantage of providing information regarding 
25 the position of the handset with respect to the base, and therefore can 
accommodate various acoustical properties of the base unit and remote 
handset with respect to one another. For instance, the muting in 
accordance with the principles of the present invention can be performed 
at a greater distance when the handset is detected in front of the base 
30 unit than when the handset is behind the cordless telephone. 
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The present invention allows conference calling with use of 
both a handset and speakerphone base unit of a cordless telephone 
without risk of howling. The user of the remote handset does not have to 
go into one room with a handset when the speakerphone base unit is on 
in another room. Similarly, when the cordless telephone is in an intercom 
mode, the user of the handset will be able to walk to the base unit without 
risk of howling, which will be prevented even before it begins. 

A proximity detection module in accordance with the 
principles of the present invention has many applications, e.g., in a 
cordless telephone chip set to add value and distinctiveness. 

While the disclosed embodiments relate to a digital cordless 
telephone, the proximity muting and/or attenuation relates equally to 
analog cordless telephones, in accordance with the principles of the 
present invention. 

While the invention has been described with reference to the 
exemplary embodiments thereof, those skilled in the art will be able to 
make various modifications to the described embodiments of the invention 
without departing from the true spirit and scope of the invention. 
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